An association between lower socioeconomic status* (SES) and poorer health has been observed for hundreds of years. This report summarizes the evidence for an important association between socioeconomic status and cardiovascular diseases. This report is divided into sections. The first two sections provide background on cardiovascular disease and its risk factors and the conceptualization and measurement of SES. The two major sections that follow review the evidence supporting an association between SES and all-cause mortality and between SES and cardiovascular disease. The latter section includes evidence on incidence, prevalence, and mortality from, as well as on trends in, cardiovascular disease.
An association between lower socioeconomic status* (SES) and poorer health has been observed for hundreds of years. This report summarizes the evidence for an important association between socioeconomic status and cardiovascular diseases. This report is divided into sections. The first two sections provide background on cardiovascular disease and its risk factors and the conceptualization and measurement of SES. The two major sections that follow review the evidence supporting an association between SES and all-cause mortality and between SES and cardiovascular disease. The latter section includes evidence on incidence, prevalence, and mortality from, as well as on trends in, cardiovascular disease.
To attempt to explain the inverse relation between SES and cardiovascular disease, the role of psychosocial factors is examined briefly and, in much greater detail, the role of standard biologic cardiovascular risk factors. Based on these data, which indicate for the most part an inverse relation between measures of SES and risk factor levels, and also on a number of prospective studies, the relatively new body of evidence indicating that SES is an independent risk factor for cardiovascular disease is examined, along with the causal criteria used in evaluating SES as a risk factor. That SES may be an independent risk factor simply admits to the current lack of knowledge about the behavioral, social, psychological, and biologic pathways by which SES affects cardiovascular disease. Although the available evidence indicates that SES is independent of other known risk factors, future studies undoubtedly will clarify the environmental and biologic pathways involved. Finally, the effect of SES in major cardiovascular intervention trials is considered, then the implications of all the data reviewed earlier. Basic recommendations for using and building on existing information about SES are also provided.
*The term "socioeconomic status" covers a wide range of measures, sometimes referred to as "social class," but it includes measures of education, income, occupation, living conditions, income inequality, and many other socioeconomic aspects of life. "Socioeconomic status" is used here for simplification.
"Socioeconomic Factors and Cardiovascular Disease: A Review of the Literature" was approved by the Science Advisory Committee of the American Heart Association on February 17, 1993. Requests for reprints should be sent to the Office of Scientific Affairs, American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231-4596.
The evidence appears to support the argument that SES is an important factor in the etiology and progression of cardiovascular disease. Although the evidence is relatively consistent, different readers will undoubtedly draw different conclusions about steps for reducing disparities in the socioeconomic burden of cardiovascular disease. It is hoped that this report will help stimulate discussion about this topic.
Although this review attempts to present a comprehensive view of the relation between SES and cardiovascular disease, because of the volume of literature, it is impossible to comment critically on every article. The original articles and reviews on the variously defined association between SES and cardiovascular or coronary disease and their risk factors were located through MEDLINE searches. The authors also used extensive personal files compiled over the past 20 years. The review of the literature was limited to publications from the United States, Canada, the United Kingdom, Germany, and the Nordic countries. There are variations in the quality of these articles, but the consistency of the results is quite impressive, and most of the articles in the reading list are from peer-reviewed journals. For example, 21 (11%) were from the American Journal of Epidemiology; 18 (10%) from the American Journal of Public Health; 9 (5%) from the Journal of the American Medical Association; 20 (10%) from other well-known epidemiology journals; 16 (9%) from Lancet or the British Medical Journal; and 22 (11%) from clinical journals such as the American Heart Journal and Circulation. An additional 11 (5%) were from government publications.
The purposes of writing this review of SES and cardiovascular disease were several: To provide a summary documentation of the effects of SES on cardiovascular disease morbidity and mortality; to provide insights into the conceptualization, measurement, and components of SES; to emphasize a relatively new body of evidence that SES may, in addition to exerting effects through commonly accepted risk factors, function independently of these factors; to identify the implications of the existing data; and to provide basic recommendations for using and building on existing information about SES.
way for intensive study of the pathology of cardiovascular disease. This study led to the theory that lipid materials deposited in the intima of medium-sized and larger arteries leads to atheromatous deposits and ulceration of the intimal surface in contact with the circulating blood. Ancel Keys,2 one of the pioneers in cardiovascular disease epidemiology, advanced the idea that atherosclerotic disease (particularly coronary heart disease) was not an inevitable result of aging but rather was related to environmental factors. Beginning in the 1900s there was a decline in mortality from infectious disease, attributable initially to improvements in sanitation and attention to personal hygiene and then to the discovery and use of vaccines and various antibiotics. Concomitant with this change was the gradual increase in mortality due to the degenerative diseases, including heart disease. Until the 1940s and 1950s, the primary cardiovascular concerns of the medical profession were the effects of rheumatic fever and syphilis on the heart and the influence of high blood pressure on stroke.
Dawber3 has charted the organization and reorganization of the health activities of the US government, beginning with the reorganization of the federal bureaucracy by Franklin Roosevelt. The focus for heart disease research as a national priority began in 1949 with the creation of the National Heart Institute of the National Institutes of Health.
One of the cardinal resources of the new National Heart Institute was the Framingham Heart Study, conceived in the late 1940s and implemented in 1950 in Framingham, Mass. Many studies have replicated the results of the Framingham study, confirming that the primary risk factors for cardiovascular disease are cigarette smoking, hypertension, elevated serum cholesterol level, sedentary lifestyle, and diabetes. However, these risk factors influence only about 50% of overt cases of coronary heart disease.4 Numerous investigators have studied other possible risk factors, such as hemostatic factors, obesity, hostility, stress, noise, and coping styles. Based on a large body of evidence, we believe SES should be added to the list of potential risk factors for coronary disease.
For decades, analyses of vital statistics and other data have demonstrated an inverse relation between mortality and SES. The relations of SES to cardiovascular disease, other risk factors for cardiovascular disease, and changes in cardiovascular risk factors will be the focus of this commentary. The evidence for such relations is abundant.
Conceptualization and Measurement of
Socioeconomic Status A variety of approaches to the conceptualization and measurement of SES (social class, social status, etc) have been taken, reflecting different theoretical orientations on the one hand and the exigencies of conducting research on the other. The complex issues involved in the conceptualization and measurement of socioeconomic position in epidemiological studies have been reviewed by several authors. [5] [6] [7] The debate on the conceptualization of SES has a long history as part of sociological theory, the intricacies of which are not germane to this discussion. However, approaches have Marx. 9 The Weberian approach, which has heavily influenced American sociology, sees social stratification as organized around the independent tripartite entities of class (economic interest), status, and power. This approach has tended to use summary measures of SES that include those indicating the more subjective issue of status as well as more objective measures such as income or education. Indeed, there has been a tendency to emphasize the aspect of status in contemporary work, which shares this historical base. The Marxist approach is, to oversimplify, based on analysis of the opposing interests of those who differ with respect to ownership of the means of production. Groups differing with respect to their place in the production process are seen as locked in inevitable conflict. This approach has led to a focus on issues of power, control, and ownership. 10 For the most part, epidemiologic studies have not been explicitly driven by these opposing conceptions of SES, but it is useful to keep these orientations in mind in a review of the literature. Although the Weberian and Marxist approaches have had some influences on studies of the association between socioeconomic factors and health, these studies are in general best characterized by their theoretical eclecticism.
With this background in mind, the most commonly used measures, indexes, and ecological measures of social class are reviewed below.
Education
Education is the most widely used measure of SES in epidemiologic studies. Of the studies of chronic disease published in the American Journal of Epidemiology in 1982 and 1985 in which measures of SES were used, education was used by 45% as a surrogate measure of SES. 7 There are a variety of reasons for this choice. Questions to respondents about education have relatively low nonresponse rates and are not complex, and education is highly valued by the well-educated researcher who is designing the study. In addition, because level of education is usually fixed after young adulthood, it is unlikely that it is influenced by poor health among adults. Although education is a useful measure for all of these reasons, it does have limitations. For example, there are large birth cohort differences in level of education, so that the social, behavioral, and psychological correlates of a given level of education may vary depending on a subject's age. The value of education as a measure of SES may also differ for specific subgroups. For example, for African-Americans and women, the link between education and income is weaker than it is for Caucasian men. Finally, although illness in adulthood cannot influence level of education completed before adulthood, it is not implausible that poor More recently, analyses of the mortality of participants in the first National Health and Nutrition Examination Survey also showed a strong association between educational level and risk of death (Fig 3) . 37 48 cluding coronary artery disease) showed no significant differences by SES grouping. For mortality from hypertensive disease (with mention of heart disease) the lowest SES group had the highest rates and there tended to be a decrease in rates with an increase in SES.
In 1971 Cassel et alM examined the incidence of coronary heart disease and its association with SES in the Evans County Georgia Heart Study. Cassel reported that, in contrast to earlier results that showed excess prevalence of coronary heart disease in the high-SES group, the 7-year age-adjusted incidence of coronary heart disease in white men was virtually the same in higher-and lower-SES groups (84 per 1000 in the highest group compared with 81 per 1000 in men of low SES). The authors postulated that the excess prevalence previously found in the high-SES group was a function of prior high incidence in this class. When the incidence rates were stratified by age (35 to 54 years and 55 years and older), it was evident that, in the older men, incidence rates were higher among men of high SES and lower in men of lower SES. The opposite association occurred in the younger men; men of high SES had lower incidence rates than men of low SES, suggesting an age-related SES crossover effect. Cassel et al also reported that over 7 years, incidence of coronary heart disease among nonfarming white men tended to be lowest among the professionals and highest among laborers and unemployed workers. The rates for workers in the lower-SES categories were approximately twice those of the professional workers in this rural Georgia community.
One of the outstanding studies of SES and coronary heart disease, the Whitehall Study, was reported by Rose and Marmot.'3 The subjects were 17 530 civil servants aged 40 to 64 at baseline in 1968. The ageadjusted prevalence of angina pectoris was 53% higher for men in the lowest employment grade than for those in the top administrative grade, and ischemic-type electrocardiogram abnormalities were 72% higher in the lower than in the top grades. At follow-up the 10-year coronary mortality rate was 3.6 times higher in the lowest than in the top grades (Fig 9) .
In three Chicago epidemiologic studies, as reported by Liu et education and long-term risk of coronary heart disease, cardiovascular disease, and all-cause mortality.
In the Systolic Hypertension in the Elderly Program pilot project in 1981 to 1985, Siegel et a141 reported that low education was a significant predictor (relative risk, 1.9) for myocardial infarction or sudden death in univariate analyses.
In the early 1960s a cohort of 101 black men of high SES was recruited into the Charleston Heart Study.39 After 14 years of follow-up these men had acute myocardial infarction and coronary heart disease rates half those of other black men in the study who were almost entirely of lower SES. None of the high-SES black men experienced angina pectoris, acute myocardial infarction, or sudden death during the observation period.
Keil et a140 found in the Charleston Heart Study during 1960 through 1988 that the age-adjusted rates per 1000 person-years of coronary heart disease mortality among white men of low SES was 7.1, compared with 3.5 among high-SES white men. In black men the rates were 4.0 and 2.4, respectively (Table 1) .
In 1982 Salonen4' studied the association of SES with the risk of death from ischemic heart disease, cerebral stroke, and cancer and other diseases in a random sample of 3644 men aged 35 to In 1968 Hinkle et al69 found that risk of heart disease was influenced more by education and background than by occupation. They reported the results of a 5-year prospective survey of the relation between occupation/ education and coronary disease which was carried out among 270 000 men employed by the Bell System throughout the continental United States. These early findings indicated that men who attained the highest level of management as a group did not have a higher risk of coronary heart disease than men who remained at lower levels. Men who entered the organization with a college degree had a lower incidence and death rate from coronary disease and less associated disability at every age in every part of the country and in all departments.
Heller et a170 found in England and Wales that the SES gradient for ischemic heart disease was much stronger and steeper for women than for men. There was an excess of ischemic heart disease in men in categories I and II but an excess in women in categories IV and V. The male to female standardized mortality ratios, by category, were as follows: I, 1.5; II, 1.2; IV, 0.9; and V, 0.8.
The US National Longitudinal Mortality Study provided the basis for the more recent work of Rogot et al, 34 which, as indicated previously, showed a strong inverse relation of lower all-cause mortality with higher education and higher income. The study also examined the relation of SES and coronary disease. For all race-gender groups there was an inverse relation of ischemic heart disease mortality with education ( Fig  10) . This gradient was strongest in white women, in whom the standardized mortality ratio in those with 0 to 4 years of education was 122, compared with 56 among those with 5 or more years of college.
In the Scottish Heart Study, Woodward et (1965) (1966) (1967) and were followed for the development of coronary heart disease over the next 8 years. Working women had higher (but not significantly higher) incidence of coronary heart disease than housewives (7.8% and 5.4%, respectively). The 8-year incidence of coronary heart disease was 5.4% for housewives, 6.4% for working women currently employed, 7.8% for working women ever employed, and 12.8% for men. Among working women, clerical workers who had children and were married to blue-collar workers were at the highest risk of developing coronary disease (21.3%). Thus, the influence of the work environment may be carried over to the home.
Eaker et a173 addressed the 20-year incidence of myocardial infarction or coronary death among women in the Framingham Study. The significant predictor of the 20-year incidence among employed women was perceived financial status; among homemakers, significant predictors were symptoms of tension and anxiety, loneliness during the day, difficulty falling asleep, infrequent vacations, the effects of house work on health, and belief that one is prone to heart disease. Among the employed women there was an inverse relation between education and incidence of myocardial infarction or coronary death; rates were lower in women who held white-collar jobs than in blue-collar workers. Similarly, women whose husbands had white-collar jobs had slightly lower rates than women whose husbands held blue-collar jobs.
In the British Regional Heart Study, 7735 middleaged men were followed up for 6 years, during which time 336 men experienced major ischemic heart disease events (fatal or nonfatal myocardial infarction or sudden cardiac death). There were substantial social differences in risk of ischemic heart disease in British men, with the manual-work SES groups having higher ischemic heart disease prevalence and attack rates. Cigarette smoking accounted for most of these differences. Hypertension made only a small contribution to the excess ischemic heart disease in the manual workers. Marked differences in cigarette smoking contributed substantially to the increased risk of ischemic heart disease in manual workers, who also had higher blood pressures, were more obese, and engaged in much less leisure-time physical activity. After smoking and blood pressure were accounted for, there remained an SES gradient in ischemic heart disease calculated to analyze all coronary and cerebrovascular deaths during a 6-year follow-up. The results showed that a hectic and psychologically demanding job increased the risk of developing coronary heart disease symptoms and signs (odds ratio, 1.29; P<.025) and premature coronary heart disease or cardiovascular disease death (relative risk, 4.0, P<.01). Low intellectual discretion predicted the development of coronary heart disease symptoms and signs (odds ratio, 1.4, P<.01), and low personal scheduling freedom among the majority of workers increased the risk of coronary heart disease or cardiovascular disease death (relative risk, 6.6; P<.0002). These associations existed after controlling for age, education, smoking, and overweight.
Haan77 examined the influence of job strain on the incidence of ischemic heart disease in a group of metal industry workers in Finland. Baseline data were collected in 1973 from 902 employees of a metal fabrication company, followed up in 1978 and again in 1983. Extensive questions about job conditions, health status, and a variety of other psychosocial factors were included in the survey. The medical examination included a physical, blood pressure measurement, anthropometric measurements, and assay of serum cholesterol. The measure of job strain had three components: physical strain, variety, and control. Gender-specific age-adjusted ischemic heart disease rates had a positive dose relation with job strain. The age-adjusted rate for women exposed to high strain was 83 per 1000 compared with 48 per 1000 for women exposed to low strain. For men under high strain the rate was 173 per 1000 compared with 90 per 1000 for men under low strain. Thus, the relative risk for high strain compared with low strain was similar in men and women and the risk associated with male compared with female gender was the same for both high-strain and low-strain occupations. The adjusted odds ratios for fatal ischemic heart disease associated with job strain were 4 to 6 after adjusting for blood pressure, relative weight, cholesterol, smoking, and alcohol consumption. This research strongly suggests that the association between job strain and coronary disease is not accounted for by differences in age, sex, cholesterol level, blood pressure, relative weight, or alcohol consumption, and provides more evidence that SES or its components may act as independent risk factors for coronary disease.
The Honolulu Heart Study investigators also tested the hypothesis that men in high-strain occupations have an increased risk of developing coronary heart disease. During an 18-year follow-up study (1965 through 1983) of a cohort of 8006 persons of Japanese ancestry in Hawaii, they found no significant associations between the incidence of coronary heart disease and the individual components of high psychological demands and low job control or for the high-strain interaction of these two characteristics. In fact, there were trends of associ- 1984 . Among women, however, death rates declined at about the same rate regardless of educational attainment. It was therefore suggested that trends in educational differentials for heart disease mortality in men were responsible for much of the change in all causes of death.
Marmot and McDowall79 were among the first to point out that there may be widening social inequalities in the decline in coronary mortality. After analysis of vital statistics data from Scotland, Wales, and England, they found that among men in every region of Britain, coronary heart disease mortality declined in nonmanual workers, but only in Wales had there been an appreciable decline in coronary heart disease mortality in manual workers. This decline in mortality during 1970 through 1983 was found to be greater in nonmanual workers than in manual workers and was true for all cause of mortality, lung cancer, and cardiovascular disease. In 1988 (for men24) and 1992 (for women22), Wing et al provided evidence that the course of the coronary heart disease epidemic in the United States is strongly influenced by socioeconomic development (Fig  11) . They determined that areas with the poorest socioenvironmental conditions were two to ten times more likely to experience late onset of the decline in coronary mortality than areas with the highest levels.
Using data from the US Veterans' Study for 1954 to 1979, Rogot (Fig 12) . Ruberman et al, 84 analysing myocardial infarction survival in men who participated in the Beta-Blocker Heart Attack Trial, found that educational level was associated with survival. In addition, in those who survive acute coronary events, SES appears to be related to postevent functioning as measured by return to work. [85] [86] [87] [88] [89] [90] Trends Barker and Osmand97 demonstrated a close geographic relation in England and Wales between mortality for ischemic heart disease from 1968 through 1978 and infant mortality rates from 1921 through 1925. The positive correlations between ischemic heart disease mortality and infant mortality rates were remarkably consistent in both sexes, all age groups, and in the different geographical areas studied (Fig 13) . The In their second review, Elford et a199 pointed out that the ecological studies they reviewed have all described strong dose-related relations between present-day adult cardiovascular mortality and an index of early life experience. The authors' concerns about the ecological studies are the same as for the longitudinal and casecontrol studies because they believe that the role of confounding was inadequately treated in most of the articles. They conclude that the relations found in the ecological studies should be interpreted with caution and the hypotheses generated by these studies should be tested in studies based on individuals rather than on groups.
Barker and Martyn100 have presented data relating weight at 1 year to ischemic heart disease rates in adulthood in the same men. There is a relation between greater weight at 1 year and decreasing ischemic heart disease rates in later life, according to analysis of data from 6500 men born in eight districts of Hertfordshire, England, between 1911 and 1930. In addition, although the data are not conclusive, there appears to be an inverse relation in men aged 59 to 70 between weight at 1 year and fibrinogen levels in adulthood. The authors also found an inverse relation of impaired glucose tolerance in these men with weight at 1 year. There was also an inverse relation between systolic blood pressure in the older men with birth weight. Finally, there was a direct relation between systolic blood pressure and placenta weight in men and women aged 46 to 56. Baker et a113l used data from the Caerphilly (n= 2445) and Speedwell (n=2347) Heart Disease Studies to examine the relation between the number of known risk factors for ischemic heart disease and SES. Their overall conclusions were that lipid levels and obesity are unlikely to play any part in explaining social differences in ischemic heart disease. They did find marked differences in the hemostatic-related variables from the various SES groups, and the patterns of these were similar in both studies. Data They reported that the associations between education and high-density lipoprotein cholesterol levels varied from negative in black men to nearly nonexistent in white men and black women to positive in white women. They found that among adults with less than 9 years of education, mean high-density lipoprotein levels were 6 to 10 mg/dL higher among blacks, but the difference by race was less than 1 mg/dL among adults with at least 16 years of education. There were indications that 20% to 40% of the differences could be accounted for by obesity, alcohol consumption, and other characteristics.
The authors conclude that consideration should be given to behavioral characteristics associated with the interaction between race and educational achievement.
Hemostatic Factors
Hemostatic factors, which are increasingly being considered in the natural history of ischemic heart disease and stroke,135-138 are strongly associated with SES. This appears to be particularly true for fibrinogen. In the Kuopio Ischemic Heart Disease Risk Factor Study in eastern Finland, there was a strong and significant inverse relation between fibrinogen and four measures of SES (income, occupation, education, material possessions). Subjects in the lowest SES group had the highest level of plasma fibrinogen, and those in the highest group had the lowest level (Table 2 ).27 These relations persisted after adjustment for smoking, alcohol consumption, body mass index, physical fitness, coffee consumption, plasma lipids (low-density lipoprotein, high-density lipoprotein), and prior history of ischemic heart disease, hypertension, or stroke. Similarly, Markowe et SES and obesity. In the more recent reexamination of these data by age, it was found that SES was related to obesity primarily because of its effect on weight change during the child-bearing years. The difference in adult weight (adjusted for height) between the lowest and highest socioeconomic groups was 17.5 pounds. Stern146 and Hazuda'49 reported that in Mexican-American men increased acculturation was accompanied by a significant linear decline in the incidence of both obesity and diabetes and that SES had no significant effect on either outcome. In Mexican-American women increased acculturation and increased SES were accompanied by statistically significant linear declines in the incidence of both obesity and diabetes. However, the effect of acculturation in women was stronger than that of SES. The results suggest that culturally mediated factors exert a more pervasive influence on obesity and diabetes in Mexican-Americans than do socioeconomically mediated factors. The authors point out that the influence of SES in women cannot be ignored, particuHelmert et als50 used data from the First and Second National Health Surveys in Germany to evaluate social inequities in the incidence of hypertension, hypercholesterolemia, cigarette smoking, obesity, and predicted cardiovascular disease mortality. They found that throughout the regions of study SES gradients were strongest for obesity and weakest for hypercholesterolemia.
Body mass index, as a measure of obesity, was examined in the Charleston Heart Study cohort by Stevens et all51 to determine its influence on mortality. It was predictive of all-cause and coronary heart disease mortality in black men but not in white men. There was a significant (P<.05) correlation between body mass index and education in black men who were reexamined in 1963 but not in those who were originally seen in 1960. Low educational level appeared to significantly enhance the predictiveness of the anthropometric measurements (chest, mid-arm and abdominal circumference) for mortality in black men.
Kumanyikal52 provided an epidemiological review of obesity in black women and in the process explored the influence of socioeconomic factors on obesity. In addition to the work of Oken and Rimm et al,147"48 data from Garn et al'53 and the National Center for Health Statistics154 were cited to provide additional evidence that the prevalence of obesity among women varies inversely with SES. Work by Garn et al'55"156 is also cited to indicate that female children in low-income families are of similar or slightly less fatness than female children in high-income families; however, low-income women are more likely to be obese after adolescence than those of high income. Kumanyika also pointed out that even after controlling for SES there were still differences in obesity between black and white women. In the First National Health and Nutrition Examination Survey, in each income class black women had ageadjusted mean weights 4.1 to 7.3 kg higher than those of white women.
Physical Activity Levels of physical activity have consistently been shown to vary by SES, although not always in the same direction for leisure and occupational physical activity. In the 1985 National Health Interview Survey there was a consistent direct relation between physical activity levels and both education and income.157 The prevalence of physical inactivity in Canadian 20-to 69-yearolds was also related to education level.10' Rate of inactivity in those with an elementary school education was more than twice the rate in those with more than a secondary education. Matthews et al103 found that middle-aged women who had an advanced degree expended 56% more energy per week in nonoccupational physical activities than women with a high school education or less (1699.1 kcal/wk compared with 1090.3 kcal/wk), and energy expenditure increased monotonically with educational level. In the German Cardiovascular Prevention Study, the percentage of subjects not physically active for at least 1 hour per week decreased with increasing social class measured by an index that included income, education, and occupation. Those in the lowest social class had increased risk of being inactive four and a half to five times that of subjects in the highest class.'1o Using an SES measure that combined education and income, Holme et 44 -year-old men, those who had less than 12 years of education were 60% more likely not to have had their blood pressure checked during the last year, and for women the figure was 67%. Men and women with annual family incomes of less than $10 000 were more than twice as likely not to have had their blood pressure checked than those with family incomes of $50 000 or more.
Similarly, Woolhandler and Himmelstein,162 analyzing 1983 National Health Interview Survey data, found that for middle-aged women residence in a poor area was associated with a 30% higher prevalence of not being screened for hypertension during the last 2 years. They also report that not having any health insurance coverage was associated with a 60% increased risk of not being screened for hypertension during the last 2 years.
A number of studies indicate that having no health insurance is associated with less access to care and poorer quality of care. Woolhandler and Himmelstein162 found that poorer women who had insurance reported 9.5 ambulatory care visits per year, and those without insurance reported 4.8 per year. In analyses of data collected from a national probability sample of households, it was found that subjects who were less than 65 years old and uninsured had 60% of the visit rate of those with private insurance when there was adjustment for need. 163, 164 However, even in a population with health insurance, Brook et al165 found that lower income was associated with lower quality of care for hypertension in terms of both process and outcome.
Treatment modalities also vary by SES. Wenneker et all' reviewed the almost 38 000 hospitalizations for circulatory disorders and chest pain in Massachusetts in 1985. Rates of angiography, bypass grafts, and angioplasty increased with patients' SES. For example, angioplasty was 32% more frequent in those who lived in areas that were in the top tertile of the income distribution compared with those living in areas in the bottom tertile. Insurance status was also strongly associated was 80% higher, of bypass grafts 40% higher, and of angioplasty 28% higher for those who were privately insured than in those who were uninsured. Rates for patients with Medicaid were intermediate.
These studies, as well as those indicating poorer access and quality of care for African-American patients'67-170 in studies in which SES information was not usually available, strongly suggest that SES is importantly related to access to and quality of preventive care, ambulatory care, and high-technology procedures.
Is Socioeconomic Status an Independent
Cardiovascular Risk Factor? The answer to this question is not simple as it raises a number of methodological and conceptual questions. Because there have been no trials in which people were randomly allocated to a particular SES group, we must rely on observational studies. The usual approach is to examine in a multivariate fashion the net association between SES and a cardiovascular outcome after statistical adjustment for a variety of accepted risk factors for that outcome. From a methodological viewpoint, the results of such an analysis are not without problems. Essentially, this is an analysis of confounding; that is, the association between cardiovascular disease and the SES measure of interest may be confounded by some other risk factor. It is a simple matter to examine the changes in the strength of association between SES and the outcome with and without adjustment for a risk factor or set of risk factors, but the results of such an analysis are determined by more than the "true" state of affairs. Of particular importance is the fact that all of the associations of interest -SES and outcome, risk factor and outcome, and SES and risk factor -are influenced by measurement error. Because these errors can result in a "regression dilution bias" for each of these three associations, the solution to the problem of confounding is not clear. The observed pattern of confounding might reflect either an underestimate of the confounding effect due to greater measurement error in the confounder or an overestimate due to greater measurement error in the SES measure.
In addition, if changes in risk factors are related to SES, the resultant misclassification of exposure may weaken the association between the risk factor and the outcome, thereby weakening its contribution to the association of SES with that outcome.
Even more important, although decreases in the strength of the association between a measure of SES and a cardiovascular outcome with adjustment for accepted risk factors might indicate that SES is not an independent predictor, there is another possible interpretation. The same observation would be consistent with the role of SES as an antecedent, causal variable that is involved in the adoption and maintenance of these risk factors. In other words, if SES is an important factor in determining the levels of other risk factors, it remains an important independent risk factor, despite the statistical evidence for confounding.
Our review of the literature included a number of studies relevant to the general question of confounding, although the larger issue of independence of risk factors is not addressed in these studies. The best known of these studies is the Whitehall Study,48 in which a substantial gradient in 10-year risk of cardiovascular with utilization of procedures. The rate of angiography events was negatively related to employment grade in British civil servants. Although prevalence of smoking, high blood pressure, physical inactivity, obesity, and other risk factors were higher in the lower employment grades, these differences did not explain the increased risk. Men in the lowest grade had 2.7 times the 10-year risk of coronary heart disease death of those in the highest grade (Fig 9) . When a multiple logistic model was used to adjust for smoking, systolic blood pressure, plasma cholesterol level, blood glucose level, and height, the relative risk was reduced by less than a fourth, to 2.1. Therefore, a considerable relation between SES and coronary heart disease risk remained after adjustment for accepted risk factors.
In similar analyses of the National Health Examination Follow-up Study, the association between educational level and 10-year risk of a coronary event was examined. has been shown to be higher in groups of low SES than 3. Distribution of risk factors should be correlated with the incidence, prevalence, and mortality of atherosclerotic disease within and between populations. The review of the literature provides abundant evidence for a correlation of SES with the incidence, prevalence, and mortality of coronary disease in the United States, the United Kingdom, Scandinavia, Germany, and other geographic areas. Although some studies have shown a correlation of coronary disease with occupation but not education, in almost every study education and income had an inverse relationship with disease.
4. People exposed to the factor would have a higher risk of coronary disease in longitudinal studies. This criterion has been met by results of the Whitehall Study, the Alameda County Study, the Evans County Study, Georgia Heart Study, the Charleston Heart Study, and the US National Longitudinal Mortality Study.
5. There should be a time-dose relation: the higher the dose the earlier the onset of the disease. Evidence to meet this criterion is sparse except in the relatively few studies that indicated a correlation between SES in early life and coronary disease in adulthood. However, there is obverse evidence from ecological and other studies showing that declines in coronary mortality began first in areas or individuals of high SES.
6. The results of studies should be consistent from study to study, and ideally in different cultural settings. The general inverse relation of SES with mortality and cardiovascular disease risk factors has been quite consistent. However, the results are not yet clear in different ethnic groups such as blacks or Hispanics. Generally the sample size in these studies has been relatively small. Compounding this problem is that in many instances, as for example in the Charleston Heart Study, the range of SES in a random sample of the population is so narrow that it is difficult to detect an effect. In the Charleston Heart Study a special cohort of high-SES black men were compared with a random sample of black men from the community and with white men from the community. Mortality in the high-SES groups over time has consistently been less than the mortality in the random sample of either white or black men. More recent data from the Charleston Heart Study indicate that measures of SES have a strong influence longitudinally in both white and black men.
7. The relation between the risk factor and the disease should be independent of other known risk factors unless it enhances the predictive power of these risk factors. Investigations to meet these criteria have only been reported in the last 10 years and generally show a consistent independent effect of SES on coronary disease. There The age-and gender-adjusted 5-year all-cause mortality by educational class, race, and presence of hypertension indicated that in the referred care group there was a strong relation in both whites and blacks between low education and higher mortality rates. In the stepped-care program the 5-year mortality appeared to be only slightly related to level of education. The relative risk for all-cause 5-year mortality varied by education class and care group: for those with less than a high school education, the relative risks were 1.33 (referred care) and 1.18 (stepped care); for those with a high school education, they were 1.0 and 1.0; and for those with more than a high school education they were 0. 82 * During 40 years of study there has been a consistent inverse relation between cardiovascular disease, primarily coronary heart disease, and many of the indicators of SES. Evidence for this relation has been derived from prevalence, prospective, and retrospective cohort studies. Of particular importance to the hypothesis that SES is a risk factor for cardiovascular disease was the finding by several investigators that the patterns of association of SES with coronary disease had changed in men during the past 30 to 40 years and that SES has been associated with the decline of coronary mortality since the mid-1960s. However, the declines in coronary mortality of the last few decades have not affected all segments of society equally. There is some evidence that experience later onset in the decline in cardiovascular mortality.
* A number of studies suggest that poor living conditions in childhood and adolescence contribute to increased risk of arteriosclerosis. Some of these studies have been criticized because of their ecological nature, and others for inadequate control of confounding factors. Nevertheless, the evidence is intriguing and provides a great challenge to the epidemiologist because effective research in this area could lead to very early prevention.
* There is an abundance of literature linking SES with established cardiovascular risk factors. In the few studies of multiple risk factors there has generally been an inverse relation between SES indicators and hypertension, smoking, total cholesterol level, body mass index, excess alcohol use, and sometimes diabetes. There is also evidence for an inverse relation between SES and individual risk factors. The literature is most abundant and striking for the relations of SES with hypertension and cigarette smoking. The data are more limited for hemostatic factors, diabetes, obesity, and physical activity. The evidence for a relation between cholesterol level and socioeconomic status is not consistent. * Socioeconomic status may be an independent risk factor for cardiovascular disease. Evidence for this must be viewed with reservations because of possible confounding between SES and some other factors. In addition, assessment of this confounding may be influenced by measurement error. That SES may meet some of the criteria for causality for the association of an independent risk factor with cardiovascular disease may admit to the current lack of knowledge of how SES exerts its effects. Keeping in mind the complexities of measurement and confounding, it does appear that the association between SES and cardiovascular events is substantial when accepted cardiovascular risk factors are simultaneously considered.
* In one clinical intervention trial (the Hypertension Detection and Follow-up Program) there was a strong inverse relation between education and all-cause mortality in the referred-care group, but it was virtually eliminated in the stepped-care group, indicating that improved care and hypertension follow-up modified the effect of SES. In community intervention trials in the United States there was no evidence for a strong effect of SES on change in risk factors in either intervention or control communities. In North Karelia, Finland, reduction in blood pressure in the intervention community (compared with the control community) was greatest among high-SES participants. In contrast, in a study conducted in Bremen, Germany, risk reduction was greatest in the less-educated participants.
Implications and Recommendations Our review indicates that there is a substantial body of evidence for a consistent relation between SES and the incidence and prevalence of cardiovascular disease, secular trends in cardiovascular mortality, survival with cardiovascular disease, the prevalence of cardiovascular risk factors, and access to high-quality care and diagnostic services for cardiovascular disease. Documentation for this relation extends over time and is from many locations. *Pilot studies might be undertaken to determine whether modifications of SES are effective for prevention of cardiovascular disease. This may be one of the more formidable tasks to be addressed. * There should be trials to compare the cost-effectiveness of focused and community intervention trials. Because there is a strong correlation with SES for many diseases, it appears that across-the-board interventions may have the greatest potential for improving the health of a large proportion of the population.
* The interfamilial transmission of those aspects of SES that increase the risk of cardiovascular disease should be studied. Attempts should be made to understand the protective factors that enable some people to stay healthy despite an increased risk due to lower SES.
Medical Care * The variations by SES in access to care and quality of care for cardiovascular disease need further documentation.
* Preventive services need to be aggressively targeted at lower-SES groups and areas in an effort to reduce disparities in cardiovascular risk between different SES groups.
* Education should be developed to help health care practitioners understand the magnitude of the problem of the SES-cardiovascular disease risk relation and the factors that underlie it. Public Policy * Promotion of products associated with increased risk of cardiovascular disease (eg, tobacco and high-fat foods) seems to be targeted toward lower-SES groups. The American Heart Association and other organizations may want to consider policies that might reduce this practice.
* There should be a continuing commitment by the American Heart Association to periodically evaluate issues of SES related to the association's mission. Given their common interest in SES as a risk factor for poor health, voluntary health organizations such as the American Heart Association, the American Cancer Society, the American Lung Association, and others might work together to reduce the ill effects of low SES.
* Evidence for the association between socioeconomic factors and cardiovascular diseases and stroke requires a continued emphasis in the following three public policy areas:
*Research -a continued public policy program is needed to ensure that federally funded research programs at the National Institutes of Health and other federal agencies include investigations into the association between socioeconomic factors and cardiovascular diseases and stroke.
* Health care -the AHA's public policy recommendations for national health care reform are that all Americans have access to basic health care, that preventive health care for low-SES groups is given high priority, and that the AHA participate in the development of guidelines for appropriate patient care.
*Disease prevention and health promotion -there should be a continued emphasis on federal, state, and local policy initiatives that encourage the development, expansion, and implementation of public policy-re-lated programs to help educate all Americans about the prevention and control of cardiovascular diseases and stroke. This is particularly important in policy initiatives related to tobacco control and diet and health. Some of these recommendations will be easy to achieve and some will be extremely difficult, requiring large-scale solutions, unspecified in nature and subject to great debate. When the evidence of a problem is so enormous, it is not surprising that the solutions would be complex. Tremendous strides have been made toward reducing the overall burden of cardiovascular disease during the last few decades; the time is now ripe to engage in a similar effort to make sure that this decline in disease is shared by all. It is our hope that this report will help to catalyze such a discussion and effort.
